Study Design. Prospective multicenter study evaluating operative (OP) versus nonoperative (NONOP) treatment for adult spinal deformity (ASD). Objective. Evaluate correlations between spinopelvic parameters and health-related quality of life (HRQOL) scores in patients with ASD. Summary of Background Data. Sagittal spinal deformity is commonly defi ned by an increased sagittal vertical axis (SVA); however, SVA alone may underestimate the severity of the deformity. Spinopelvic parameters provide a more complete assessment of the sagittal plane but only limited data are available that correlate spinopelvic parameters with disability. Methods. Baseline demographic, radiographical, and HRQOL data were obtained for all patients enrolled in a multicenter consecutive database. Inclusion criteria were: age more than 18 years and radiographical diagnosis of ASD. Radiographical
Although truncal alignment has been studied and its clinical relevance established in the setting of ASD, the interest in pelvic parameters is more recent. Since their initial description, 7 , 8 the key pelvic parameters tied to spinal sagittal alignment have been established as pelvic incidence (PI), pelvic tilt (PT), and sacral slope ( Figure 1 , Table 1 ), inter-related by the equation as follows.
PI = PT + sacral slope (SS).
Using these parameters, it is possible to predict theoretical values of regional sagittal parameters such as lumbar lordosis (LL) and thoracic kyphosis. 9 , 10 More recently, Lafage et al 11 have reported high correlations between pelvic retroversion (measured by the PT) and sagittal vertical axis (SVA) with HRQOL scores, underscoring the role of sagittal spinopelvic parameters as the main drivers of disability for patients with ASD. Accordingly, using retrospectively collected HRQOL and radiographical data, Schwab et al 12 have proposed threshold values of sagittal spinopelvic alignment that should be achieved with spinal reconstructive procedures to obtain satisfactory outcomes in terms of HRQOL.
The objective of this study was to establish the clinical relevance of radiographical deformity parameters when Figure 1 . Schematic representation of the pelvic parameters: pelvic incidence is defi ned as the angle between the perpendicular to the sacral plate at its midpoint and the line connecting this point to the femoral head axis. This is a morphological parameter of primary importance commonly used to defi ne some spinopelvic morphotypes or alignments. Pelvic tilt is defi ned by the angle between the vertical and the line through the midpoint of the sacral plate to femoral heads axis; sacral slope is defi ned as the angle between the horizontal and the sacral plate. 39.6 ± 7.6 (17.5-63.4) correlated to HRQOL scores to predict disability preoperatively in a consecutive, multicentered series of patients with ASD. This study focused on pelvic and spinal measures, collectively termed spinopelvic parameters.
MATERIALS AND METHODS

Study Design
Prospective analysis of consecutive series of patients with ASD enrolled in a multicenter prospective study (11 sites and 15 physicians across the United States) evaluating operative (OP group) and nonoperative (NONOP group) treatments for ASD. Of note, decision to operate or to treat conservatively each patient was made by the surgeon, based on his own clinical and radiographical criteria, without knowledge of the study results. Institutional review board approval was obtained at each participating site.
Inclusion Criteria and Data Collection
All subjects have been enrolled in the database following institutional review board approval at each site. Inclusion criteria were age greater than 18 years and a radiographical diagnosis of ASD defi ned by at least 1 of the following parameters: Cobb angle more than 20 ° , SVA more than 5 cm, PT more than 25 ° , or TK more than 60 ° . Exclusion criteria included patients with infl ammatory arthritis, tumors, or neuromuscular diseases.
Evaluation Criteria
For each patient, baseline full-length standing anteroposterior and lateral spine radiographs (36´´ cassette) were available as well as completed Oswestry Disability Index (ODI), Scoliosis Research Society-22, and Short Form (SF)-36 questionnaires. Each baseline radiograph was analyzed using a dedicated and validated software 13 , 14 (Spineview, Surgiview, Paris). Coronal radiographical parameters consisted in Cobb Angles (upper thoracic, thoracic, thoracolumbar, and lumbar), maximal Cobb angle, pelvic obliquity, leg length discrepancy, and coronal imbalance. Sagittal radiographical parameters consisted in TK (T2-T12, T4-T12, and maximal), LL (L1-S1, and Maximal), thoracolumbar alignment (T10-L2), T1 and T9 spinopelvic inclinations, pelvic parameters (sacral slope, PT, and PI), SVA, and PI minus LL. were signifi cantly older (55 ± 16 vs . 50.1 ± 16.9 yr, P = 0.02) than patients from the NONOP group. The analysis of radiographical features revealed that 38% of the patients were included in the database for coronal deformity only, 10% for sagittal deformity only, and 52% for combined deformity.
HRQOL Scores
Comparison of clinical scores ( Table 2 ) demonstrated that patients in the OP group exhibited greater baseline disability on all HRQOL measures compared with patients in the NONOP group. The same difference was observed based on Scoliosis Research Society score and ODI subdomains ( Tables 3 , 4 ) . Subgroup analysis based on ODI revealed that 102 patients out of 178 from the OP group had an ODI 40 or more and 254 patients out of the 314 from the NONOP group had an ODI less than 40.
Correlations Between Radiographical Parameters and Disability Scores
Results from the correlation analysis between radiographical parameters (coronal and sagittal) and HRQOL ( Table 5 )
Statistical Analysis
Baseline comparison of the groups (OP and NONOP) was performed using unpaired t tests to investigate differences between OP and nonoperative patients. Correlations between radiographical parameters and HRQOL scores were performed using Pearson Coeffi cient on the entire database and by group (OP and NONOP) to evaluate which parameters had the strongest correlation with disability. On the basis of this analysis, the 3 most clinically relevant radiographical parameters were retained and multilinear regression analysis was conducted to establish radiographical thresholds predicting disability. For all statistical analysis, the level of signifi cance was set at P < 0.05.
RESULTS
Demographic Data
Between October 2008 and December 2010, 492 consecutive patients with ASD (70 males and 422 females) with a mean age of 51.9 years (SD, 16.8; range, 18-85 yr) were enrolled across the participating sites. Among this population, 178 patients were included in the OP group and 314 in the nonoperative group (NONOP). Patients enrolled in the OP group These equations were then used to establish thresholds of radiographical parameters predictor of severe disability, defi ned by an ODI more than 40, 15 , 16 leading to the following values: PT = 22 ° , SVA = 47 mm, and PI − LL = 11 ° . Other values of radiographical parameters based on the established linear relationships with ODI are summarized in Table 7 .
Of note, when considering the 3 parameters all together to predict the ODI using a multilinear regression analysis with a stepwise condition, the following equation was obtained with an r 2 of 0.24:
revealed that the most clinically relevant and strongly correlated radiographical parameters were PT, SVA, and PI-LL ( Figure 2 ). These correlations were observed across the entire study population (based on ODI, correlations were 0.381, 0.469, and − 0.45 for PT, SVA, and PI-LL, respectively, P < 0.001), as well as within each group ( Table 6 ). Of note, stronger correlations were found for patients within the OP group than for patients within the NONOP group.
Radiographical Parameters
Comparison of the 3 most relevant parameters (PT, SVA, PI-LL) between the OP group and the NONOP group revealed that the OP patients had greater sagittal spinopelvic malalignment than the NONOP patients as defi ned by SVA (55 ± 80 mm vs . 17 ± 55 mm, P = 0.001), PT (22 ± 12 ° vs . 19 ± 11 ° , P < 0.001) and PI minus LL (12 ± 22 ° vs . 4.3 ± 18 ° , P < 0.001) for OP versus NONOP, respectively. The correlation analysis demonstrated PI-LL was signifi cantly correlated with PT ( r = 0.844, P < 0.001) and SVA ( r = 0.685, P < 0.001). 
Treatment Distribution Versus
Radiographical Thresholds
The analysis of treatment distribution demonstrated that patients with radiographical parameters below the established thresholds were more likely to receive conservative treatment ( Figure 3 ) than surgical care ( Figure 4 ). Analysis by parameters revealed lower surgical rates for patients with SVA less than 47 mm (29% vs . 71%, P < 0.001); with PT below 22 ° (31% vs . 69%, P = 0.004) or with PI-LL below 11 ° (29.3% vs . 70.7%, P < 0.001). Analysis of the number of radiographical parameters above the defi ned thresholds ( 
Clinical Relevance
In light of the correlations found between the PI-LL and the 2 other parameters, a further analysis was carried out to establish the likelihood of meeting SVA and PT thresholds based for patients with PI-LL below or above 11 ° . As illustrated in Figures 5 and 6 , patients with a PI-LL mismatch ( i.e ., PI-LL > 11 ° ) were more likely to have a pelvic retroversion (80.6% had PT > 22 ° , while 19.4% had PT < 22 ° , P < 0.001) or to have a global malalignment (64.4% had SVA > 47 mm, while 35.6% had SVA < 47 mm, P < 0.001).
Result from the relative risk analysis revealed that patients with PI-LL mismatch compared with patients with PI-LL harmony had 4.2-fold greater risk of pelvic retroversion, 10.9-fold greater risk of positive sagittal malalignment (SVA), and 3.9-fold greater risk of severe disability.
DISCUSSION
Previous reports have suggested that up to 60% of the elderly population demonstrates evidence of spinal deformity. 1 As demographic trends in many developed countries shift toward a substantially older population, the prevalence of ASD is likely to continue to increase to unprecedented levels. Fortunately, many of those remain asymptomatic or are treatable with nonoperative measures. However, a substantial number of patients, due to their pain and disability, will seek more aggressive treatments, including surgical correction of deformity. 17 Several outcomes-related studies have established that surgical management for carefully selected patients offers superior outcomes compared with nonoperative care in terms of back pain, leg pain, and quality of life. 18 -24 However, management of these conditions remains diffi cult in terms of establishing objective surgical indications as well as selecting optimal corrective approaches. In contrast to adolescent idiopathic scoliosis, in which the key surgical objective is typically to address cosmetic deformity, in adults with spinal deformity, the surgical objectives are typically to address disability and pain. Thus, effective surgical treatment of ASD not only requires a clear understanding of the factors that generate disability and pain, but also defi ned objectives for approaches to address these factors.
This study defi nes key radiographical parameters that are drivers of disability among patients with ASD and establishes thresholds for severe disability for these parameters based on a prospective multicenter evaluation. The 3 radiographical parameters having the strongest correlations with disability and quality of life are all sagittal measurements, including SVA, PT, and the mismatch between the LL and the PI. These sagittal alignment and HRQOL. Subsequently, Lafage et al 11 , 26 and Schwab et al 10 , 12 reported that the radiographical parameters that most highly correlate with HRQOL scores in patients with ASD are all based on the sagittal plane and included SVA, T1 sagittal tilt, and PT. However, prior to this study, these fi ndings had not been confi rmed on the basis of prospective, multicenter data.
In addition to defi ning the key radiographical parameters that drive disability in ASD, this study also establishes thresholds of severe disability for these parameters, as defi ned by an ODI score of more than 40. 5 , 7 Our results are consistent with previous realignment objectives reported by Schwab et al . 12 that include SVA less than 50 mm, PT less than 25 ° , and LL proportional to the PI. Understanding these thresholds can help in distinguishing radiographical factors that drive the transition from nonoperative to OP treatment because patients in this study were signifi cantly and progressively more likely to seek OP treatment as the number of radiographical parameters that exceeded the disability thresholds increased. In addition, the thresholds for severe disability for the key radiographical parameters defi ned in this study provide valuable radiographical objectives for surgical planning that aims to maximize improvement of disability.
Interestingly, despite signifi cant baseline differences between the OP and NONOP groups, our results showed correlations were evident in both operatively and nonoperatively treated patients with ASD, and in both populations, the mismatch between the LL and PI had the strongest direct correlation with disability and poor quality of life. Analyses also clearly demonstrated the clinical relevance of these thresholds because patients with ASD with 1 or more radiographical parameters exceeding the key threshold values were significantly more likely to seek OP treatment, compared with nonoperative treatment. Collectively, these data emphasize the critical importance of sagittal spinopelvic alignment and provide objective radiographical thresholds of disability, as well as radiographical objectives for surgical correction. It is important to note though that this study does not attempt to outline ideal treatment approaches (surgical vs . nonoperative). Treatment decisions are based upon a complex interplay beyond radiographical parameters and HRQOL measures, also taking into account patient expectations, fears, biases, and risk factors.
Although the coronal Cobb angle may be the most readily recognized radiographical parameter and has historically received the most attention in adult deformity, multiple studies have established the greater impact of sagittal spinopelvic alignment parameters on disability and quality of life. 4 , 18 , 25 This shift in emphasis on the sagittal plane gained substantial momentum following the landmark report of Glassman et al 4 that demonstrated the fundamental relationship between in the setting of patients with ASD, where radiographical parameters do not play as major of a role for patients with low/moderate disability or pain.
In a recent report, Fu et al 27 retrospectively analyzed standardized measures of health status and disability in patients with ASD to identify drivers for surgical treatment. As in this study, they found signifi cant baseline differences between OP and nonoperative groups in terms of HRQOL scores (ODI, Scoliosis Research Society-30, and SF-12), but in contrast to this study, they did not identify differences in terms of age that the most signifi cant and clinically relevant radiographical parameters, with regard to HRQOL scores, were the same in both groups: SVA, PT, and, PI-LL mismatch, underscoring the importance of the sagittal plane as the main driver of disability in the setting of ASD. Highest correlations were found in the OP group (and especially for PI-LL) compared with the NONOP group, likely due to the fact that surgical patients presented with more severe radiographical deformities and a wider range of disabilities. The lower correlations established within the NONOP group reinforce the decision tree model 
